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rolls, cobs and similar articles, are packed tightly together and 
subjected to a penetrating and sterilising radiation treatment. Pref . 
the shapes are wrapped separately in polyethylene film sealed by 
welding and packed closely together for treatment by electromagnetic 
microwaves. X-rays, etc. Bakery products can be stored for a long 
period and brought to the table with the qualities of freshly baked 
goods . 
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• i. * 

^ESCIIITTION 

Microbe reactions, i.e., fermentation, are the 
bxolog,cal conversion of a feedstock, i.e., R 8ttbstratCf 
to a metabolite, i.e., a product, by the actions of ' 
5 microbes. Microbe reactions are characterized w the 
. growth of the microbe, and the subsequent formation of 
a metabolite product. That la, substrate in llSe d ■ 
onxtially for the growth and maintenance of -the mWobes 
and subsequently for both the growth and maintenance of ' 
10 the microbe, and for the formation of product. Product 
formatxoa is related to the concentration of substrate, - 
the concentration of microbes, an* the. yield coefficients 
«£ proauct and microbes with recpoct to the substrate. ■ 
Moreover, the concentration of. microbe* is a function of 
15 the specific growth rate of the microbes, and the yield 
coefficient of the microbe, with respect to the substrate 
Fermentation reactions are typically slow reactions" 
*hat is, they require long residence time, i.e, high 
ratios of reaction aeddtm volume per unix volume of 
20 proonction per unit time. They also, have a l ong .initia- ■ 
• txon tame. That is, metabolite product cannot be formed 
in large quanxxtxes until high concentrations of microbe 
«o ~*. i.el, substrate, is initially ' ' 

l^t t^Z^ *° *** »^tain microbes, and 

25 there-after xt is utilised -to a greater extent to form ' 
metabolite product. 

Moreover,- the reactions, involving microbial growth 
"»d division, are complex Per example, when the 
marches ara bacteria, cell growth and division- is by " 

' ' ^ 5jldividwal - ««n will double in. mass 
and content of cell constituents, and then split lute two 
xdent.cal daughter cells. * w of coatr J 
. are a class of microorganism that grow and divine by 
oudoxng. That is, a bnd will grow on a* inoividuaTcell 
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until it roatch.es the sise of the original cell, and .then 
separate,, leaving a bud gear. 5\ingi grow by chain 
enlongation and branching, i.e.* with growlh proceeding 
from the tip of the nycelium through the foxmation of 
5 septa between individual cells , Cell division may 

require anywhere from 1$ minutes -to* en hour for bacterial 
growth, from 4£ minutes to 2 hours for yeast growth., and 
from one to eight hours for rimgi n-r mycelial growth. 

The specific path, of product synthesis, i.eu, the 

10 reaction patti for the formation of the metabolite 

product from "the 'oubctrato or nutrient ic not clearly 
understood for every fermentation reaction. However, 
it io believed to depend upon microbe growth and 
Concentration, nutrient utilisation, and metabolic 

15 controls • 

It' has now been 'found that the reaction rate of 
fermentation reaction*, that is, the yield per unit time, 

* 

unit volume, unit nutrient or substrate concentration, 
and unit microbe concentration is enhanced by the 

20 , application of an alternating or pulsed high frequency 
electric field to the react? cm medium of microbes, 
substrate, and nutrient a. 

As used herein, the terms "f ermentation" , 
n f orientation reactions 11 , and "reactions utilising 

25 fermentation techniques" include aerobic and anaerobic 
metabolic activity of a microbe or microbes in which 
chemical changes are brought about in an organic or 
• . inorganic substrate, and any process mediated by or 

involving microbes or microorganisms in. which a product 

30 accrues • 

As used herein, the terms "microbes", "microbe", 
microorgaTii si»s w , and "micro-organism" include prokaryotes 
and eukaryotes, "rrokaxyotes", as used herein, means 
unicellular microorganisms, including bacteria and 

35 unicellular blue-green algae* "Eukaxyotes" , as used 
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herein, means multi-cellular micro organismo , including 
fungi, yeasts and actinomyoetcs. . As ueed herein, the 
terms' "microbes", "microbe" , . "tnicrooreanisms" and "micro- 
organism" include immobiliaed microbes and systems and 
5 structures of iamubilised microbes as well as a ©n- 

immobilized microbes. As used herein, the terms "miernhes" 
"microbe", "microorganisms", and -microorganism" include 
both naturally occurring strains and artificial 
recombinant ' sti-ains . 
10 Fermentation reactiono, i.e., fungus, yeast, actin- 

" omyccte3,' and' bacterial f ermentatton reactions are 
Utilized industrially. Fermentation reactions are capable 
• of wider industrial' ose* baaed -upon raw material, avail- 
ability and costs, bywp r oduet usage, and increased 
*l : 5> reaction rates. 

According to the invention described heroin, any 
- or all of- the reaction rate, the innoculum build up, or 
efficiency of -conversion are increased by eleotrieol 
stimulation,- Electrical stimulation. may be Utilized to 
20 \reduoe the time .required fo carry out the' reaction or to 
increase the productivity of a given unit of production, 
that is to increase the number or batches that can be 
f ermented in a given' reaction vcDsel. 

el co^x"ical stimulation is meant the application 
25. of a pulsed or alternating high frequency electric 

signal - field 'across the broth whereby to pass an elsfttrieal 
' current through the broth, e.g., by inserting electrodes 
- . in the broth, under conditions which increase the rate 

of the microbial reaction, • while substantially avoiding 
30 significant destruction of the micro-organisms , e.g., 

fungi, bacteria, yeaats or actinomyceteft, the reactants, 
e.g., rhfi sub3trate, or the products. 

It has been found that a frequency of from about 1 
kilohertz to about 1000 kilohertz is particularly 
35 satisfactory in carrying out the method of this invention. 



69/31/2001' 15:42 0004215505 RCODrAX PACE OG/27 

0041373 

Ufhe elfcerrieal stimulation electrical current 
may. be an alternating current or pulsed direct current. 
It should have p, frequency of from- about 1 Jciloher&z 
tu about 1000 kiluhert*, although Xi^<Aueiicies- below - 
$ about 10 megahertz, may be used as veil as frequencies 
above about 0.1 3ci.lob.ertz with jso»e-. increases in yield* 
Howr.ver, care should be taken e*g„ by xising a frequency 
, • above about 0.1 kiloherts, to avoid large /amounts of 
electrolysis occurring within the reaction medium at 

iO low frequencies. . 

The method of this -invention may advantageously be 
carried out at various ranges of the electrolytic 
variables « i.e., electrode area, inter-electrode spacing, 
inter-elcctrocLc volume, current, current density , 

15 current per unit liter-electrode volume, current .per 
unit broth volume, vqltage, voltage ,per unit inter- 
electrode spacing, powex*. per unit ihter-electrdde volume » 
power per unit broth V6lume f and. frequency.* 

Tor example, the method of this invention has been 

20 ' carried out utilizing Saccharomyftes cteTvi sjaa to ferment 
glucose at currents per unit jjaterelectrode. vblume of 
from ahout 1 x 10~? /rriilliamperes per cubic centimeter 
to about JO x 10"'. milliampcres per cubic centimeter of 
inter-electrode volume, at currents per unit broth 

25 volume of from -about 1 x 10"* xoilliamperes per cubic- 
centimeter to. about 50 oc lO""* lallliaiflperes' per cubic 
centimeter of broth, current densities of about 2 x 10"^ 
\ milliamperes pex» :»quax*e* centimeter to .5 x 10 nri-lli- 
amperes per square ceretimeter of 'electrode area t voltage 

59 fluxes of Q«l 1/0 3 millivolts per -centimeter of inter-? 

electrode space, inter elect rode power dissipations of 0.2 

jx 10~^ watts per cubic centimeter, -to 6 ac 1Q~? watte per 

etibic centimeter of* inter electrode volume and broth- 

ft 

power dissipations bf 0*2. x 10"° watts per cubic ccnti- 
35. meter of broth volume to 8 x 10~° watts. per cubic 
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centimeter of broth volume. Elect rwly bio variables, i.e. 
currents, voltages* and paver dissipations, and products 
and quotients tbcreof , outside the above ranges may be 
utilized as long as care is taken, by avoiding airaultau-' 
5 eous astomer of the ranges, to avoid destruction of the 
'microbes; 

According to one • exemplification of tbe method 
herein contemplated, a reaction medium of a hexose, 
e -S-» gl^ooee, otber nutrients, and a yeast, Saccharomycea 

10 cerevisiae is- provided. A pair of electrodes arc spaced 
stout 4 to about 7 centimeters from each other within 
the broth, and an electrical etirrent at a current density 
or about, 0.1 to about O.J milliamperes per square 
cezxtiaiettsx- of electrode area is passed through tbe 

15 reaction medium at a frequency of about 100 fcilohertz to 
about 1000 Iciloherta. la this way, the yield of product 
per unit of substrate per unit time is increased by 
about 15 to about 20 percent compound with tbe result 
without electrical stimulation. 

20 Aooording to an alternative exemplification of tbe 

method or this invention, a reaction broth of a 
bacterium- euoh as Sacillus polyiuyta or Bacillus licHer.1- 
foxmie, and glucose are prepare. 5Dhe fermentation 
. reaction is then carried out while an alternating current: 

25- having a frequency or about 1 teLlohertz to' about 1000 

leilohertz, an imposed voltage signal sufficient to provide 
a current of 1 x 10~ 5 milliamperes per cubic centimeters 
of interelectrode volume and 10" 1 to 5 milliompers per 
liter of oolution is imposed aci-oss the broth, 'fne 

50 resulting product ion rate of butane diol ia increased 
by about 20 percent compared with the result Without 
electrical stimulation. 

• 

She method of electrostiiuulated fermentation herein 
deecribed is useful with single cell blue-green algae, 
35- bacteria, yeasts s and actinomycetes. Suitable yeasts 
"are for example, beker's yeast end brewer's yeast 7 i.e., 
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single cell yeas* of the Saccharomyco j dicae group f as 
exemplified by Baccharoigyces oerevisiae. 

The method of clcctrostimulared fermentation is 
-useful with various feedstocks. Exemplary ^re varityus 
5 carbohydrate substrates 3y carbohydrates vre mean for 
example polyhydfcoxy .aUceiydes , polyhydrosy ketones, and 
subscancee that yield polyhydroxy aldehydes or poly- 
bydruxy keLbii.ee .upon hydrolysis -.or saccharification. 
Exemplary carbohydrates, are sugars i i.e. *.aao char idee. 

10 The saccharides useful ia Che method of this . invention 
may be monosaccharides , . i.e. * carbohydrates incapable of 
further hydrolysis,, or- poly sauohar ides, i.e,. carbohydrates . 
that yield monosaccharides upon hydrolysis or caecbar-r 
Ificatiou;. Habu^ally uuearriufs saccharides useful 23 

A% substrates in the methods- of rhis invention, include 
heptoses, hexoses, pentoses, tefcroses, -triose^ homo- 
polysaccharides thereof , anrt hetsropolys^ccharides thereof w y 
Exemplary hexosfcs*. include glucose', fructose , mann.ose f $ 
galactose t and the fructose-glucose, dissacharide , sucrose. % 

20 Exemplary pentoses .include arabinoac^ aqrlose , ribose, and 
apiose. Exemplary polysaccharides .include sucrose, 
mentioned above, maltose, -lactone, \raff inosc, starch, ^ 
glycogen,' cellulose, pecliiis, 'chltin, innlin, agaar, Ij 
hemic e llul o se s , plant gums and mucilages r • and immune- r A 

S5 polysaccharides. ?3j carbul^y cU-aLtitt * we- also mean sugar 
alcohols, e.g. sorbitol, manriitol, g;lactitol, or. the 
inositols, Industrial souxces of carbohydrate include, 
by vray of exemplification* manure, cellulosic -wastes, 
molasses, whey, sugar, grain stsLrohpc, cod byproduct 

30. carbohydrates. .Suitable grain starches 'include by way 
of exemplification corn, com s-tover, \?hea-tj barley, 
straw, and bagasse. 

Amino acids m^y be utilised &s substrates for 
ferment all uii liyue reacuiuiia* They jnky.be recovered as 

35 products of fermentation type reactions, or .they may be 
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intermediates, produced in one fomentation type 
reaction as a substtn.*^ = -u 

uoraoee Tor a subsequent rex-mentation im+ 
reaction, Salary alp*,-^ aoddc include e lyo^ 
alanine, valine, leuciae> isol£ucln 

5 eyete^ne, cys61lle> aeth1ftniM phe ^ lal • VOT ^T' 

Maticd^ "a^X 
c«d, and B lutamic acid. Jih. above cnUMra1 . iall 2 a 

.-• intended te be exc^lery.and not ^ 

Other substrates „h ich „. u t iUaod 
10 avi., e.g., ,ci plmtl0 ^^^f" 

eerbooyclio HpUwulw,, a»a heterocyclic hydiaoarbona 
As used herein, hydrocarbon, inolude. substituted hydro!" 
e«eone, e.g. halo K enated hydrocarbons, end ^ (oaltas 

15 "T." r* *— ••«. alcohol, 

ket^mnc, thiol, thio ether, disulfide, thio aeid~^' 
dithioaeld, thio aldehyde, thio l«tone, snlf^ 

e«w f 0 ^" * bo * l ~*-. P^ephate, orthoceionate. 
■ r w'^ 010 ' 0 "' 6 ' «•*-*-. etttalita (including 
™ 5 81 • W*-. isoeyanate, 

carbodx^de, *anthate, thioca,ha*ate , thiocyanate, 

25 ™£ diasoate, or d^ocya^e er 01 ^ D . 
. degraded or *etab u li zel to a non-polluting product 
' " ' be „«r > ° f "^^i-^ed f eneentation aay 

Eleotrost^mulated fermentation is useful In the 
^duetrxal seal, production of any product that can be 
produced by fermentation techniques, no described 
hereinabove. Theoo product, include the relieving 
^ration is ^nplary and not o^^^Zl^ 
Wu., organic solvents, f or esaople . alcohols , e. e 
butaaol, .elhajiol , , N » e «5»i . 

. , eonaaoi, and anyi alcohols, ketones e.g. acetone; 



50 
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gases, e.g. carbon dioxide and hydrogen-, beverages, e.g. 
wines, lie^pR And lia&ora; foods, e.g. cheeses, fermented 
milks, pickles, sauerkraut, soy seuce^ yeas*, vinegar, and 
•raushrooros ; flavoring agent:* e.g. monosoctium glvitsuaate ; 
5 organic acids and hydroxy acids e.g. lactic acid, acetic 
acid, c5tr5e acid, gluconic acid., butyric acid, fumaric 
acid, and itacoaic acid; glycerol; 'a mino acids, e.g. 
Ir-glutamic acid and L- lysine; steroids; organic trans- 
formations , including steroid* alkaloid, and antibiotic 
10 transformations; yeasts, including food yeasts and 

an^Tnfll feed yeasts, legume innocu l sn t s 3 pestioides, e.g. 
microbial and bacterial pesticides; vitamins and growth, 
stimulants, e.g. vitamin B 12 vitamin A, riboflavin and 
gibberaliines ; enzymes including amylases, proteolytic 
enzymes, pectinases, invernases, . and celluiases, inter 
alia; fats; falty acida; aluuliuls; fuels; asul L^cLl-o- 
carbons. 

The electrostimulation ntethud hex*ein contemplated* 
may also be used for the control or destruction of 

20 • deleterious substances, e.g., pollutants, and aqaeuue 
dispersions, suspensions anti solutions of hydrocarbons 
or haloc&rbons , including polymers thereof. 

While the electrostimulate fermentation method 
described herein above ie -useful with various microbe© 

25 , in various fermentation reactions, the method of this 

invention may be exemplified by the Weizmann Eroc ess for 
tlie bacterial fermentation of starch to yield n-butyl 
alcohol, ethy3. alcohol, and acetonp.; tbft prorlnction of 

' • ethyl alcohol by the use of fl!hiz;opua f oraosaensi s, 

50 Saccfraromyces cervisae , Saccharomyces uvarium , ni* 

Aspergillus foetiduo t the production of acetic aoid 
utilizing Acctobactei alcoholophilus , Lactobacillus 
plant cram , or Polyporus palustris ; the production of 
acetone utilizing Olostridivras ; the production of butaaol 

35 utilising Clootridiums ; the production of glycerol 
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ixtiliaias Bacillus licheiUJormis or Saccharoses rouxii- 
the production or acetic acid uoing A oetobaolei past^ 
222**-, the production of wines using' Sac char ogyc es "~ 
gigvperi, Saccharoses ccrri S iae, gacchai^c^,^ 

> ^ckm^M^, Saccharo^^* yj^ , 

ffi Jep *f* > ^^2Z2Co_aceti, or Saccharose/ ^ . 
- . the production of edible protein* xttilizins C.haotomium 

.• cellalo-HTtilum, freotrioua gandidum, Candida utiii* 

Collulmg gaa or Alcaldes faer^is/ the production of 
° ^hrogpitiones utilising Chx Z ao3pori um wtoa-inm. 

Holip^nth a poriuai ovnadnM^ c , or Pftwicillium iglandj eum- 
the production of antibiotioo utilizing ^zsaoc^lagys * 

f 22 *' eouige to, Sllocladl^, Aspergillus , 

Aspe rgillus sulphu reus, Pg^lj^c^oj^, P^SSST^ 
15 aarfcengx, Bgni^llu^alij^s, Jenicilli™ 

ggrr atxa rebidaea, Strento^. ^ Wenclnl^ . ^g^ZTT 1 
c laul^ons , ^reptoiqyoea.limgnii, Acinetobacter caT^ T" 
t0 £2^1^ Bacillus oerea, aaciUaxs ij ehe ^ -fw^ «, , - r ~ 
f cill »* the production of ^ar fe inin7 by 
3 ? C : 11 " 5 5ubtl3 ^eribacterfu^ ri^. Cor^nebacte^ 
^^Sll, or Protamine bac*^ th^xa^^^. 

25 orb^r^r" 0 ^^ ^ aBS^^I Reproduction 

25 .of bxotin by Oorynebaoteri^ 2£ ^dox Z dang , or Psueuo- 

manus imitablic, the production of butanediols m,^ 

" • fei l l u^ lichBnlrorji s, B ^illua poly^ . or Klebsiella 

EILgusoniae , the production of butyric acid us^l^^T* 

50 ■ ^ Tf Z.TT-^ ^ °* -prylictcfd 
*° !f" S ^abactgrius mn^lTfir^, the production of ■ 
carboxylxo acid utilizing Succhromvco^sis Itom^i^ or 
. flporolnmyew gdorus ^ the production of formic loid using 
gi2Ep3 jjalustris; the production or fructose utilising 
»oill», mesaj^rius , Pseudcnanue boi, ^ or Pgeud^L 
55 fluorcaoens ; the production of gluconic acid usln^ 
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Aspergirlufi car^onarius ., or ' Penicillum chrrs o nenuia ; th>e. 
production* of glucose utilizing. Trichod&rma longibrachp - 
ia.1ni.7T) ; the production of p-hydroxy bsnsaldshyde using 
G accharomycea aatic; the production of single cell 
5 proteins nt3.li7.infj Arthrobaotor petrolcophs.gu.g « 

Arthrobact er rub ellua , Arthx oba<; I gr « . Aspergillus jTumlg;^ 
atu£ t GaUul nm onas cartelyticum , Coryncbact cx±n™ fu£i- 
. * Qlcem3e , Ifluyurom yoes fr agilis morehella crassipe . Wyc\o- 
hacterium curaatum , >frcoobacteriuiiL petrolcophilum. * or 
10 Kboardic, neoopaca , and the production of xanthan gum 
using, e.g- T Xantha-monas ctampestris . The method of 
cleotxostimulated fermentation ma,y be used 'in tlie 
fermentation of substratp.R to obtain .vitaains , anti- 
biotics, 'and en&ymes. • . 
1-5 Electro stimulated fermentat5bn also f ixuis utility 

in microbial cellulose digestion, e.g., with Fo lyaiiKium ^ 
cellulosuia ? cleaning metallic surfaces, e*g. f with. < 
OTiiobP..cillus f errooxidarts. or ffhiobkoillua thjooxidsn^ ; 
degradation of cellulose; degradation of cyanides in 
20 waste water, e.g. , with' Bacillus subtiiio , OoTyncbaot e rium « 
or Kbcard ia rubrop ex'tinota ; . degradation, pi ethylene 
glycol with unid-entified bacterium, ATCC 27012] degradation 
" of chlorinated phenol fungicides ; -de gradation of systemic 

fungicides, e . g « t -with Bhig Pirns .lapemictis : degradation 
25 of hydrooarbono, c*s«> with/ Aspe rgillus Vex ; aicolor . 

Brettanomyoes petrophilum ^ Candida' petrrouliiluni, C^t^^p 
tropicalis , Claclosporium reslnae , Cu-n-nj -pghamella 
elegans, Eupeiiieillium zonatrum , Saccharoiaycapnris lipuly- 
tica , or ffo-ralopsis pgtrophiluni j degradation of (jet fuel, 
30 e.g., with Acre monium .strielma . Alteraa-ria- alternata % 
Aspergillus juTtngatafl r or Cladosporiam resinae ^ * 
degradation of methanol, e..g. , vritk Hansenula' DOlTmorpha : 
degradation or ni.trnes in' waste water, *.Sn with 
Aloaligenes vi aolacfeis, Nocardia ro bruglincta ,, or 
55 Bacillus subtilis t -riftgradistion of petroleum* e*g. with. 
Aspergillus aurgohaoidium ^ Candida pr j'apsiiqsis j Candida 
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%Z V i? liSt Uti1 ^ ' S^Pmm c.lsdogEoriolceg 
j frrotheoxum ver racaria, Hocardia on-reT ^ a j^ggla 

£uhra, ^cilli^, ^ototheca, Ehodotomla . Sac7haro- " 
5 ^oes cewisiae , or Saoohj^consis lin^— 

degradation of phenol, e.g., with Woeo^oros^phxous 

or giodtrtoraUt glutin i£ . the degradation of wood.: 

_ phosphate removal in 3eW age treatment, e.g with 
jyysospor-Kxm pjgnorug, ^ric^ a _c^to, Hucar 
10 hxemalio, and Iaeoil onr y 0es ftaT ^„. water pollution 
control, e.g., with modotorula el^ t^ ^ Tj . icll0 
t heoinm rose um; ' and the production of dextr^ThTthe 
fermentation or S «cro Se , e . 5 ., with I^aoetoomesent- 
go^dge ^ Bgtaooccug arahino sevens, and the production 
15 of immu2Lopolysaccharid.es. 

!Che following examples are illustratiVR • 

ESflJlPliE I 

Eleatrost^ulated and oonrentional fomentations 
. were carried out in a hatch reactor. 

20 »±ll- lT , ±0n W * * rCpar * d * * la ^ 1500 

mxllxlxterc of distilled water in a sterilized 3 liter 

header Carhohyd rates, water and nutrients were added 

to the header in the following Quantities- 

Glucose 220 groans 

25 * aC1 * 3-graas 

(HE4) 2 so 4 e ersms 

K £ HP0 4 . 2.4 grains 

' 0.4 grams 
'Distilled Water to make 2 lit-ro 

solutCwaT"' t °* the glucose 

solution was placed in a sterilized container and 14 
Erarna of pi e i 8chma nn.e laher's .Yeast, Sucoharomvoe. 
£g^xsaj, was added thereto and stirreTto fori a "slurry 
The yeast-glucose slurry was divided into two eo.ual 
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portions of 100 milliliters each and pub" into' tvio 'l liter 
sterilized resin kettles ^ To each or the divided yeast- 
glucose slurries were added 2.1 grama of com meal % and 
700 milliliters of the glucose solution. . 

The outlets of "both reactors v/ere connected to 
wet test meters to measure the gas produced/ One reactor 
was run without eleatri'oal stimulation. " 

The other reactor had an electrode pair of tvo 
4 square inch stainless steel eleotrodco, 4-* centimeters 
aparU* A si^uttl g;t?ner<ibox* was utilised to. generate a 
300 kilohertz, sine wave, voltage signal; • k iailivolt 
ai{^3ial caused a current of 1,5 mill j amperes to flow* 

Eight siaaultaneous^. side-by-side runs 'were made, 
with one reactor haviu^ electrical. sLimula^lion and the 
other reactor "being unstimulated, 

The results shoVaa. in Table I, below* were obtained; 

TABUS I . • 

COHEflJilSON 02 1 EliECTEO— STIMDIATED- ^EBMENTMIIQET VJSSL 
' ' OOHVEHTICmL PEKMEOTMTIOU 



Length 
or iftin 
(hours) 

26.5 . 

22 

47-P 
23-4 

27 

43.4 
25-5 



Cinilli- 
a^res) 

1.25 • 

1.25 

1- 5 

2- 25 

1-5 -6.1 
2.25-6.5 



Mole 55 of 
E ^lumol— 
^xmulat od 
Cgel enrq- . 
roa-fco^raphicO 

. 0.476 

." 0.506 

. .0.561 
0,967 • 
0.H40 • 
0.420 . 

. 1-14 
. 0.713 ' * 



Holes of 
Ethano!- 
• Unatixiulafced 
CgeJ p.hfo- 

0.456 . 

'." 0.475 ' 
0.469 
0.930 
D.B55 
• O.390 
1 .16 ; 
O.707 • 



55 



' EXAMPLE IT ; 
Electros tijnulated fermentation was carried out in 
a ti&tcU reactor lo determine tlie effect of current and 
fresu.«ncy. • ' » 
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The reaotioa broth was prepared 'oy placing one 
liter of distilled watP-n a sterilieed beaker. 
Carbohydratoe, voter and nutrients were added to tn e 
beaker, in the following quantities j 



5 Sucrose 



100 grams/liter 



3Ja01 1-5 seama/liter 

(KH 4 ) 2 eo 4 5a grams/liter • 

^HP0 4 i -2 grams/liter 

XH 2 K)^ , 0>2 greas/injer 

nu Distilled water ■ 

1.2 liters cf the solution were placed in a 1.5 litKe 
reflia kettle. 

Thereafter, 7.0 grams or Fleischmann's dried Baker«o 
Yeast, saecharomyces oerevioiae, was poured oa top gX the 
15 reaction broth. The reactor was then closed, with gas 

venting through a water coal bubbler. The mixture was ' 
allowed to stand Xor 18 hours. 

Thereafter, at 24 hour intervale, the slurry was 
removed from the reactor by aspiration and filtered to 
20 recover rhe yeast r^ke. The yeast cake was added to 1.0 
• liter of fresh reaction broth and returned to the kettle 
vhich was sealed wit* « g as veat to a l5urette q£ ± * 
sulfurio aoid and stirred for 5 minutes, 

After two hours, f ni)T gas volume readings were token 
at one half hour intervals, and used to calculate a 
base gas evolution rate, Ro. Therneafirer, electrical 
stimulation was commenced. Pour -gas, volume readings were 
taken at half hear intervals beginning one Hour after 
electrical stimulation, and need to calculate a test gas • 
evolution rate, ■ p ox . tlxe fermentation with electro- 
stimulation, H T is the gas evolution rate. For the 
fermentation withoat electrostimulation, 2U is the gas 
evolution rate measured simultaneously with and calculated 
xu the same way as the gas evolution rate Tor electro- ' 
stimulation. • After tnre* hours of electrical stimulation 
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the current was turned off for- 19 hours , and then 
reaction slurry removed as described above, 

>;aoh e.Lectrode was a nickel wire, 0,63 millimeters 
diejneter, spiraled twice around a four Inch ClO cm) long, 
5 millimeter diametsr glass rod. The electrodes were 
opaocd 6.5 to 7.0 centimeters apart. Voltage was 
provided by a uynascan 501O function generator. 

The effect of applied electrical field was as shown 
in Table IT below: 

TABSE II 

EFFECT OF APPLIED CUEBEHT (AO? 100 KILOEGHIZ) 
ON W±£ KVOUFl'IOH ■ 



Current 
(milli- 

amperoc) 

0.15 
0.15 
1.5 
1-5 



(without 
curre nt j 

1.05 

0,92 

• 1.01 

0.98* 



1.10 
1-11 

1.3?. 

1.19 

•. The effect of frequency was as shown in Table III 
below: 



(with 
current?*) 

1.15 
1.02 

1.15 

1.17 



CEn/a©>ith 
current 

ObLSHo') without 
ou ri - en t 



• ' TABU) HI 

EFFECT OF FREQUENCY (AT 0.15 MTLLIAMFEEES) 
" ' PIT GAS EVOLUTION . 



Jftpequency 
(kilohejrcz ) 

10 
100 
100 



(B^/Ro) 

(without 
current,) 

0.8J 
1.05 
0.92 



(Bj/Bo) 

(with 
current) 

0.92 
1.15 
1.02 



(5m/Ro) with 
current 
OSJ/JioJ wzrhhout 
current 
1.11 
1.10 • 
1.11 



25 



EXAM PLK TTT 

Fermentation of glucose with s.cervisiae was carried 
out with and without electrical stimulation. 
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A troth was prepared containing 220 grama 0 f 
•glucose, 7.5 grams or 5 a cerevisae, 10 grams o£ m „ 
22 era™, or S^HRfe * 7 ^0, 12 graaia of -pn 4 " 
1 gram or HS 30 41 a ud o.CKf grains or CaCl_, aS d Stilled 
water to raake two literc. ^ «"«ail»d 

She broth was divided into two portions and placed 
. in sterilised resir. fc»ttle 0i 'Bofeb win P la ced 
^„ . . . . ieo ' Bo * :h kettlos were stirred 

continuously with a magnetic stirrer. One kettle ■ 

-rc d !ectr r d elftCtr ° Bt ™ i0a ' ***** electrode'pai., 
each electrode was a 0 .63 millimeter diameter nickel 

wxrespiraled twice around a four inch (10 c m )l 0 n B , 3 " 
ammeter diameter, glass rod.- The electrodes were 
spaced 6-5 to y.O millimeters apart. " 

2hc fermentation waa carried, out at JO degrees 
OeaUigrade Xor 23.5 A signal generator was 

to generate a 5 00 kiloher bZl & milUvoll;, si n e 
wave signal. The remits shown below were obtained: 

S.QEEVTfll AE PERMENTAIIOIP" 
OP GLUCOS E 



WITHOUT 
ELECTRICAL 
STIMULAT*TOrtr 



• PREQUEITCT 
CURRENT • * . " " 

OTEELAL XEAST (6HAMB/ 

LITER) 
PLKAL YEAST (GRAMS/ 

LITER) • g_g 
INITIAL GLUCOSE (GRAMS/ 

LITER) " . ios.9 
FXWAT, GLUCOSE • (GRAMS/ 

• LITER) 4,3 

TTOIA.L ALCOHOL ' (GRAMS/LITER) 0 * ? 

FIHAL ALCOHOL (GRAMS/LITER) 

GRAMS OP YEAST/GRAMS OP 
GLUC0SK-7J0UR 

GRAMS OP ALCOIIOL/GRAMS 
, OP GLUCOSE-HODS 

GRAMS OF ALCOHOL/GRAtfC 
. OP YEAS'I* (JlNAL) 



WITH 

ELECTRICAL 
STIM ULilTlQTT 

500 kilohertz 
1-5 frtilliampejpQg 



3-5 
9. 3 • 
106.3 

<0.20 
.. 0.8 
54.4- 



2.18 x 1Q-5 . 2.83 x 10" 3 



i-?i x io' 
4.87 



,-2 



M8 x 10 
5-72 



,-2 
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GKT.T. COUNT OP 200 SQUBJRES (thxee pipette samples per 

kettle) • . 

SAMPLE 1 660 86? 

SAMPLE 2 739 89i> 

5 t SAMPLE 5 632 . 804 

HEkJS . 677 Bt>5 

■ranCtB 107 91 

BTAULA-HD DEVIATION 63 53 

PEKUEWI' KKIiATXVE 

10 BTAHMKD DEVIATION 9.3 6.2 

■niPPEEENCE IK ITEAJTS 178 



1=T 



26 4 7% HEIATIVE 



• (at 1 crtandard deviation 
i-5 (^1 is the stranded level) 
' deviation end n^ is the 
number of replications). 



The student's "t" test was applied Lo the cell . 
counts. A Qt or 3-79 wStfh a probability of 0.02 was I 
20 obtained. Ihat io, the probability* that rzmdom errox-s ' 
would result in Ihe 26?$ relative difference observed 
was leas than 2 percent. 

A series of tests were conducted -bo compare 
25 electrostiiiiulaLed fermentation with conventional 

"I'e/nnRTitation. For each, test a siinple nutrient solution 
was prepared. A portion of the nutrient solution was 
. withdrawn to malre a yeast solution. HJhe remainder of 
the nutrient solution was * divided into two equal 
30 portions and placed into two identical/ laboratory 

fermenterSp Both fermenters had on electxode pair. 
PleiechinaiuL'i: Baker's Yeast, Sacoharoinyces cervisiae % was 
slurried in the remainder of tho Dingle nutrient 
solution. The nutrient solution, containing the yeast, 
35 was divided in half . Each half was placed into one of t 
the two identical laboratory Xermenters. A voltage i 
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signal was applied across one solution only of the pair 
Solution **mple 3 were oimultaneously taken from Doth * 
oolutioua of the pair. Differences between the two 
fermentations of a pair were attributed to electro- 

5 otimulation, while differences between ecto of pairs of 
fermentations wero attributed to conditions of the 
nutrient and innoculum sections prior to commencing 

. the tests . - 

For each leimentjation a resin kettle fexmenter was 
10 used. She resin kettle fermenter had an inside diameter 
• of 10 centimeters, a depth of ±J> centimeters, and was 
sealed on top. Each recin kettle fermenter had a sample 
probe, a pH probe, a mechanical stirrer, a sodium hydroxide 
inlet, a gas outlet, and on electrode pair. The 
15 electrodes were a pair of two inch (.5 cm) hy tvo inch 
, (5 cm) stainless steel plate eleetrodeo opaced two inches 
(5 om) apart. 

A glucose solution was prepared by adding in order- 
Glucose -BgO 220 grams, 

20 ^ 10 grams 

" mtgOOf 7^0 22 grams 

. • KH ^ P0 4. 12 Ki-am 

^ B0 Mr , l gram 

' * Ca01 2 -0-04 gram 

"to make 2 liters. 
IBhe gluoooe aolution was boiled, and the pii was 
adjusted to pH~ 5 With H^K}^. 

A yeast slurry was prepared by withdrawing 200 
milliliters of the glucose solution, nnd stirring 3.6 
grams of Sleisebmanu's Baker 'c Yeast Ba ccharomyces 
^.l 3 ^!*^*?. into the nutrient. ~" 

Each test was commenced by dividing the nutrient 
solution into two S00 milliliter- portions and placing 
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onft portion of the hutrient solution into cclcJx xesin 
kettle fuxaojibe^. . Thereafter the slurry ."61 yaast and 
.nutrient was divided into two 100' iaiililiter portions • 
Que portion or the yeast -ritrfrrieat -slurry was added to 
, 5 each of th<? resin kettles. 

The z-esia kelHea were maintained at ; a tfcTnpp.TAfrure 
of JO degrees Ceritigrado by irunercibn in a water "bath* 
The pH was maintained "between pH 7 and pH 5.2 hy 
Addition of aqueous ITaOH. Tn each run a' 300' kilohertZ) 
10 1*5 milliaaipere! 50 lnillu/vull sIcth! was* applied across 
. the electrode pair in one kettle. Signal wag applied 

to the electrode pair in the otkex*. kettle, ' 



I'Jie ro3.1.nvrng ymmltG were obtained* 





Set 1 






* • 






EIA2SED 


iro 


CUBEEET 


G0KKEWD 


20 


TIKE 

(hours) 


Ethyl 

AlCOtLOl 

liter) 


• frlucose 

(grms/ 
« liter) 


' Alcohol 
(gnus/ 
, liter) 


Glucose 
C grins/ 
liter) 




1.25 


1.17 


98 


-72 .; 


100 




3 


1.87 


96 ' 


• 1-96' 


98. 




6 


5-28 


7 fi • 


5-72 


79 




25 


" 31.6 


' • <0.25 ' 


.40.4-.. 


• <0.25 



25 


Final Yca3t 

Cgrms/liter) 2-50.-. 


2.63 






3et 2 












EIAP3ED 
TIKE 


rro 


CURRENT 


-CDBEEHT 


50 


• (hours) 


Ethyl .- 
Alcohol 


Glucose ' 
.liter).' 


• Ethyl 
Alcohol 

(grms/. ' 
liter) 


Glucose 

(gmiR/ 

liter) 




1 


0.69. 


96 ' 


.0.09 • 


103 




2 


6^55 • 


•85 . 


0.71 


96 




4.5 • 


2.7 


?8 


.2.2 


76 ' 




6.5 


5.6 • 


72 


6.9 ' 


64 




28 • 


40.2 


C0.25 ■ 


•• 57.0 


<0.25 



jTijml Yeast . •' * 

40 (gras/liter) 0.466 0.504 
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Set 3 

EL/LE3ED 
TIME 



_(hours) 
1 
5 

4.5 

6 

22.5 

Pijial Ycasir 
(grms/.liter) 

Set a- . 

ELAPSED 
TIME 



19, 
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Ethyl 
A 7 cohol 
(srias/ 
liter ') 

3-0 

0.5 
22.9 

57.9 

44.2 



Glucose 
(grms/ 
liter) _ 

87 
87 
40 
19 
<0.25 



9-0 



CTJBKEHT 



_£houis ) 
1 

2 • 

3 "' 
4 

5 
G 

7 
8 

• 9 
24 

Final Teast 
CswnsAiter) 



Ethyl 
, Alcohol 
(grms/ 
liber") 

0.7 

5.1 

5.2 
11.6 
IS. 7 
24.8 

51.9 
41.7 

4G.0 

8,9 



Glucose 
(gima/ 
•liter? 

105. 
98 
84 
78 
CO 
00.2 

.5 



<o;25 



CURRENT 



J*hyl 
Alcohol 
(fipans/ 
lit op) 

3.5 
11.0 
28.0 
57-0 
48.7 



'Glucose 

(f?rms/ 

liter}_ 

88 

70 

^5 
19 

<"0.2^ 



9.8 



CTJBEEKT 



Ebhyl 
Alcohol 
' Cs*"Ki«/ 
liter) 

0.6 

3.4 

5.4 
10.5 
19.9 
27.1 
32.0 

51.0 

56-0 



Glucose 
(gnus/ 

liter) 

110 

95 
92 

62 
62 
10.3 
-3 



<0.25 



9.6 
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Get 5. 












TIKE 


HO 


CUHEEKT 


CUKREHT 

• 


5 




Ethyl 

Alcohol 

(rrrris/ 

NO* *■***/ 

liter} 


Glucose 

(grins/ 

liter) 


Bfrbyl 

itXCCJlOX 
C5CT1B/ 

liter) 


liter) 






1-0 


109 


. 1.1 


107 


• 






90 


2.8 


97 




P 


4.9 


81 


5-1 


83 




4 


9.5 


80 


0.0 


60 




5 


17.0 


70 


17.3 


69 . 




6 


19.1 


54 


17.7 


56 




? 


21.7 


35 " 


24.0 


39 




8 


32-4 


21 


37-1 


27 . 




25-5 


41.4 


• 4 


46.9 


<0.25 



. Final Jfeast 

(gnus/liter) 9-9 10.5 



While tlie invention' has "been described ffitli respect 
20 to certain exemplifications and embodiments , tnat *is 
with respect to certain microbes, i.e., bacteria , 
actinomycetea, Tungi., and yeasts, certain substrates, 
i.e. i hydrocarbons, and carbohydrates, and certain 
products, it is not to "be so limited, except as in the 
25 claim© appended hereto. 
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: ' CLAIMS ' 

to A method of fementir^ a substrate with a 
microur^anism by forming a broth comprising the substrate 
and the- microorganism, and forming .a fermentation product 
5 therefrom characterised, in. that a fermentation stimulat- 
ing electrical signal . io imposed across the broths 
" . 2.e A method according to claim 1 characterised 

in that the microorganism io yeast r actinomycetes 9 
bacteria, ox: unicellular blue-graen. algae, 
in 5. A. method according to claim 2 character ised 

in that the- yeast is a SaccHar omyoid eae nr a Sacohar- 
oiavces cervisiag o 

• 4« A me bhod according to claim \ 3 a or 5 
* -.characterised in that the eabstratc is a carbohydrate, 
15 hydrocarbon or amino acid 0 

5. A method according to olaim 4 characterised 
in "that the carbohydrate is glucose, fructose or 
mannoBe* 

6. A method ae^urdin^ to claim 4 characterised 
20 in that the carbohydrate is a polysaccharide • 

7« A methud sccordlng'to any of claims 1 to 

6 characterised in that the electrical signal is 
an alternating current signal or a pulsed direct 

- * current signal. 
"25 8« A mc-thod according to any of ftlg^ 1 to 7 

• m characterised in that the electrical signal has a 
frequency of 0«1 kilohertjs to 10 megahertz. . 

9o .A method according to any or claims 1 to 

7 vherein the electrical si gnal has a frequency of 
•30 1 kilohertz- to 1000 IdiohertZo 

10. A method according to any of olaimc 1 to 

9 characterised in that the current per unit of inter- 
electrode volume is* from 1 x 10"' to 30 x 10^ ailli- 
umpex^eti per cubic centimeter* 

11. ' A mftirhod according -to any- of claims 1 to 10 
characterised- in that the current per unit of broth is 
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froia 1x10"* to 50 x jnllHamperes per cubic 

eont ixaet or* • 

12. A method according to any of claims 1 to 11 
characterised in that the current density ie from 2 x 
5 10"* 2 to 50 a: 10"" 2 nriJJ-ituaper&s per square centimeters* 
13* A method acnrrrrJinr; to any of claims 1. to 12 
characterised in that the voltage flux is 0 o 1 to !3 
millivolts per nenti meter. 

14o A method ecoording to eny of claims 1 to 15 
10 " Characterised in that the interelectrode power dissipat- 
ion io from 0 o 2 x 10"^ to 6 s 10~^ watts per cable 
centimeter of interelectrode volume. . 

• 15* A method according to any of claims 1 to 14 
characterised in that the broth power dissipation is 
15' from 0 o 2 x 10 to 8 x 10 watte per -cubic centimeter 
of brotho 
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